KURT SCHUNKE, BERND BUCHHOLZ. DIETER PALM & 
GERHARD BRUNS, citizens of Germany, whose residence and post office 
addresses are Petershager Weg 12, 32427 l\/llnden, Germany; Bossel 7, 
32369 Rahden, Germany; Nordstrasse 56a, 33824 Wertlier. Gemnany; and 
Straussweg 2, 31675 BQckeburg, Germany, respectively, have invented certain 
new and useful improvements in a 


ELECTROMOTIVE ADJUSTMENT DEVICE 


of which the following Is a complete specification: 


ELECTROMOTIVE ADJUSTMENT DEVICE 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application Is a continuation of prior filed copending PCT 
International application no. PCT/EP02/03837, filed April 6, 2002, on which 
priority is claimed under 35 U.S.C. §120, the disclosure of which is hereby 
incorporated by reference. 

[0002] This application claims the priority of German Patent Application, 
Serial No. DE 201 07 326.9. filed April 27, 2001, pursuant to 36 U.S.C. 119(a)- 
(d), the disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to an electromotive adjustment 
device, in particular for use with adjustable flap valves. 

[0004] An electromotive adjustment device of a type involved here finds 
application especially in heating, air-conditioning and ventilation systems for 
opening and closing a control element of a flap valve. The respective adjusting 
movement depends hereby on the intended purpose. For example, in case of 
fire, it may be necessary to open or close the flap valves, whereby it is 
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demanded that the pivoting movement of the control element should not be 
assumed by the drive motor but by an energy storage member, such as a tensed 
spring, so as to ensure execution of the necessary movement, even when the 
drive motor fails to operate as a consequence of external impacts, e.g. elevated 
temperature. The energy storage member is hereby biased, when the control 
element is moved from a base position to the operative position that is normally 
assumed by the control element. There may, however, also be situations which 
require movement of the control element into different positions at short Intervals 
in response to a change in temperature. 

[0005] Swiss Pat. No. CH-A-614507 and U.S. Pat. No. 4,669,578 describe 
each an electromotive adjustment device with drive motors in the form of brush 
motors having a fixed external stator and a rotating armature to thereby drive the 
output journal. Mounted non-rotatably onto the output journal are spur gears to 
operate the drive train. Drive motors of this type generate sparks during startup, 
thereby progressively wearing off the drive motor. As the adjustment devices 
involved here are primarily intended for heating and ventilation systems, a 
precise control requires the motor to be started momentarily at relatively short 
intervals. 

[0006] The partial circle or outer diameter of the gear wheels mounted 
onto the output journals is significantly greater than the diameter of the output 
journal. As a result, the number of teeth is correspondingly high so that the first 
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gear stage to reduce the motor speed requires either the application of a gear 
wheel with correspondingly great number of teeth for engagement with the gear 
wheel on the output journal, or the rotation speed of this gear wheel has to be 
relatively high. In either approach, the housing of the adjustment device is of 
substantial size. Normally, in adjustment devices of the type involved here, the 
rotation speed of the output members of the drive train is extremely low. As the 
installation space is relatively small, the use of conventional adjustment devices 
caused problems that even render their installation prohibitive. In addition, 
conventional adjustment devices have to be suited to the rotation direction of the 
control element. In other words, counterclockwise rotation and clockwise rotation 
require an electric switchover. 

[0007] It would therefore be desirable and advantageous to provide an 
improved electromotive adjustment device which obviates prior art shortcomings 
and which has small dimensions and does not require a switchover for moving 
the control element in both rotation directions, while yet being reliable in 
operation, even when the drive motor malfunctions. 

SUMMARY OF THE INVENTION 

[0008] According to one aspect of the present invention, an electromotive 
adjustment device includes a housing, a gear mechanism including a plurality of 
intermeshing gear wheels to define a drive train, and a drive motor constructed 
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a brushless motor with an external rotor and including an output journal in driving 
relationship with the gear mechanism, wherein the output journal has a tooth 
portion in engagement with a helical spur gear of the gear mechanism. 

[0009] The use of a brushless drive motor allows the provision of a driving 
element which is substantially wear-resistant so that the service life is effectively 
unlimited. By meshing a helical spur gear with the output journal of the drive 
motor, the tooth system of the output journal of the drive motor is determined. 
The partial circle diameter of the tooth system of the output journal is significantly 
reduced, compared to conventional constructions, so that a greater ratio of the 
number of teeth is realized, when the output journal and the meshing gear are of 
same dimension. Thus, the nnotor speed is correspondingly reduced so that the 
downstream gears of the gear mechanism can be dimensioned of smaller 
diameter. The drive motor can also be labeled as bell-shaped motor, i.e. the rotor 
is external and rotates about the internal stationary stator. Of course, the motor 
may also be constructed as synchronous motor or stepper motor. Suitably, the 
revolving field is generated electronically. 

[0010] According to another feature of the present invention, the output 
journal may have an involute gear tooth system with multiple teeth, preferably 
three teeth. Through the provision of an involute tooth system, the number of 
teeth of the geared output journal can be kept as small as possible. As a result, 
the motor speed can be reduced significantly already in the first gear stage or the 
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dimensions can be made smaller. Although the provision of a geared output 
journal Is currently preferred, it Is also possible to reduce the partial circle 
diameter by mounting a gear wheel with an involute gear tooth system on the 
output journal. The further gear wheels of the gear mechanism can have oblique 
teeth, although gear wheel with straight teeth may, of course, also be used. 

[0011] According to another feature of the present invention, the gear 
mechanism has an output member which can be coupled to a shaft, suitably a 
hollow shaft, whereby the shaft extends through two openings of the housing in 
opposite relationship in such a manner that the ends of the shaft can be 
selectively connected to a control element in dependence on a rotation direction 
of the attached control element. Unlike in conventional constructions, through 
respective installation, the control element rotates either clockwise or 
counterclockwise, when the motor is supplied with power. In other words, 
depending on the desired rotation direction, either end of the shaft can be 
coupled with the control element. Suitably, the shaft is provided with internal 
teeth or an internal profile for connection to the output member of the drive train, 
so as to establish a form-fitting connection with the control element or a 
connecting element. 

[0012] According to another feature of the present invention, the drive train 
has at least two gear stages for reducing the motor speed. Suitably, double gear 
wheels are provided to keep the number of components as small as possible. 
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[0013] According to another feature of the present invention, the gear 
wheels that define the gear stages may be supported by a common carrier to 
which the drive motor may also be flange-mounted. In this way, a unitary 
structure is established which can be pre-fabricated so that all components are 
easy to access. In addition, the provision of a prefabricated structure is also easy 
to maintain and to repair. The housing may be constructed with comparably thin 
walls because the forces to be absorbed remain relatively small. Moreover, an 
operative drive unit is realized that may make the provision of a housing, in some 
cases, unnecessary. 

[0014] According to another feature of the present invention, a spring 
element may be provided for shifting the control element in a direction. 

[0015] According to another feature of the present invention, the housing 
may be comprised of two housing portions. Suitably, the partition plane is in 
midsection of the housing. 

[0016] According to another feature of the present invention, the drive 
motor has an attachment flange which may be constructed in single-piece 
configuration with the carrier. This eliminates the need for additional fasteners so 
that the number of components is further decreased. As a result, the adjustment 
device becomes small and compact. 
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BRIEF DESCRIPTION OF THE DRAWING 

[0017] Other features and advantages of the present invention will be 
more readily apparent upon reading the following description of currently 
preferred exemplified embodiments of the invention with reference to the 
accompanying drawing, in which: 

[0018] FIG. 1 Is a perspective illustration of an electromotive 
adjustment device according to the present invention; 

[0019] FIG. 2 is a perspective illustration of the adjustment device of 
FIG. 1, with the housing being partly broken away to show internal components 
of the adjustment device; 

[0020] FIG. 3 is a perspective view of the drive train of the 
adjustment device of FIG. 1 ; and 

[0021] FIG. 4 is a top plan view of the electromotive adjustment 
device of FIG. 1 . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0022] Throughout all the Figures, same or corresponding elements are 
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generally indicated by same reference numerals. These depicted embodiments 
are to be understood as illustrative of the invention and not as limiting in any way. 
It should also be understood that the drawings are not necessarily to scale and 
that the embodiments are sometimes illustrated by graphic symbols, phantom 
lines, diagrammatic representations and fragmentary views. In certain instances, 
details which are not necessary for an understanding of the present invention or 
which render other details difficult to perceive may have been omitted. 

[0023] This is one of four applications all filed on the same day. These 
applications deal with related Inventions. They are commonly owned and have 
same inventive entity. These applications are unique, but incorporate the other 
by reference. Accordingly, the following U.S. patent applications are hereby 
expressly incorporated by reference: "Adjustment Device", "Adjustment Drive" 
and "Electromotive Servo Drive", respectively. 

[0024] Turning now to the drawing, and in particular to FIG. 1, there is 
shown a perspective illustration of an electromotive adjustment device according 
to the present invention, generally designated by reference numeral 10. The 
adjustment device 10 includes a housing 11 which has a block-shaped 
configuration with profiled side walls. The housing 11 is comprised of two 
housing portions 11a, lib. Although not shown in detail, the housing 
portions 11a, 11b are screwed together at their corners by suitable screw 
fasteners. The partition plane of both housing portions 11a, lib extends 
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approximately in midsection of tlie housing 11, as relating to the vertical 
extension. Each of the housing portions 11a, 11b is provided in an end zone with 
an attachment member 12, 13, with the attachment members 12, 13 being of 
identical configuration, to allow securement of the adjustment device 10 to a 
suitable assembly, e.g. a flap valve, having a control element to be adjusted. For 
sake of simplicity, the control element as well as the driving relationship between 
the control element and the output member of the adjustment device are not 
shown in detail in the drawing. 

[0025] The adjustment device 10 includes an actuating shaft 14 which can 
be manually operated by a suitable tool to move the control element into a base 
position and to set a spring element 15 (FIG. 2), e.g. a spiral spring, under 
tension. Each housing portion 11a, lib is hereby provided with a scale 16 to 
indicate, for example, the base position of the control element, e.g. a flap valve, 
as a function of the rotation angle. 

[0026] As shown in FIG. 2, the adjustment device 10 includes a brushless 
drive motor 17 having an external rotor 17a and receiving energy via a multicore 
cable 18. Operatively connected to the rotor 17a is a locking device, generally 
designated by reference numeral 19 and provided to keep the rotor 17a 
immobile, as the spring element 15 is tensioned. The locking device 19 does not 
form part of the instant application and thus is not described in more detail for the 
sake of simplicity. The drive motor 17 has an output member (not shown), which 
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may be a geared output shaft with an involute gear tooth system with multiple 
teeth, suitably three teeth, or has an output shaft with an involute gear tooth 
system with multiple teeth, suitably three teeth, whereby the output member, as 
shown in particular in FIG. 4, is in mesh with a helical gear wheel 3. 

[0027] The helical gear wheel is part of a double gear wheel assembly 
whose other smaller gear wheel (not shown) is in fixed rotative engagement with 
a gear wheel 20a of a double gear wheel assembly, generally designated by 
reference numeral 20. The gear wheel 20a has a relatively high number of teeth 
and is operatively connected to the spring element 15 and supported on the 
actuating shaft 14. The other gear wheel 20b of the double gear wheel assembly 
20 (FIG. 3) has a significantly smaller number of teeth and drives a greater gear 
wheel 2a of a further double gear wheel assembly, generally designated by 
reference numeral 2 (FIGS. 3 and 4) whose other smaller gear wheel 2b is in 
mesh with a gear wheel 21 which has a relatively high number of teeth. The gear 
wheel 21 represents the output member of the drive train and has a tooth 
segment extending about 90°. The gear wheel 21 has a central bore for receiving 
a hollow shaft 22 which extends through openings in the housing portions 11a, 
lib (FIG. 2). To restrain a rotation of the hollow shaft 22 in the bore of the gear 
wheel 21, both the hollow shaft 22 and the bore of the gear wheel 21 have 
complementary profiles. The hollow shaft 22 is provided with internal teeth 22a to 
attain a form-fitting connection with a coupling element (not shown) that is 
inserted through access openings of the attachment members 12, 13 for 
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adjusting the control element. The double gear wheel assembly 20, comprised of 
gear wheel 20a and gear wheel 20b, together with the double gear wheel 
assembly 2 and the gear wheel 21 form the drive train and define two gear 
stages. 

[0028] As further shown in particular in FIG. 2, the double gear wheel 
assemblies 2 and 20 as well as the gear wheel 21 are supported by a carrier 23 
which extends across the housing portion 11a. In addition, the drive motor 17 has 
an attachment flange 24 for optional securement of the drive motor 17 to the 
carrier 23. 

[0029] In the base position of the control element, the spring element 15 is 
tensed by the activated drive motor 17 via the drive train to store energy. As soon 
as the gear wheel 21 strikes against one of two stops 4a, 4b (FIGS. 3 and 4), the 
drive motor 17 is de-energized to enable the spring 15 to reverse the drive 
motor 17, as the spring 15 relaxes. The spring 15 is formed hereby on one end 
with a catch for operative connection to the gear wheel 20a so that the spring 15 
is moved by the gear wheel 20a. In case of overheating of the adjustment device 
as a result of fire and failure of the drive motor 17 or as a result of a cut of the 
power supply, the control element is returned to the base position by the 
restoring force of the spring element 15, as the spring element 15 is released. 

[0030] Suitably, the components of the adjustment device 1 0, including the 


11 


housing 1 1 , are made of metal, e.g. steel or non-ferrous heavy metal, so that the 
drive train Is operational, even in case of fire, i.e. when exposed to elevated 
temperatures. 

[0031] While the invention has been illustrated and described in 
connection with currently preferred embodiments shown and described in detail, 
it is not intended to be limited to the details shown since various modifications 
and structural changes may be made without departing in any way from the spirit 
of the present invention. The embodiments were chosen and described in order 
to best explain the principles of the invention and practical application to thereby 
enable a person skilled in the art to best utilize the Invention and various 
embodiments with various modifications as are suited to the particular use 
contemplated. 

[0032] What is claimed as new and desired to be protected by Letters 
Patent is set forth in the appended claims and includes equivalents of the 
elements recited therein: 
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